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-=mz-  FUNdamentals of OFDM

Channel Bandwidth

« OFDM consists of a set of orthogonal y/w

tones where each tone is independentl
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« OFDM offers:
— Improved spectral containmen 2s
— Less intersymbol interference.
— Less sensitive to impulsive = [~
interference. R
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Y¢ Modes of Operation for OFDM

Systems Center

Waveform

* Four operating modes specified by
NPS, NOVA, and SSC-SD all within
480 kHz 3dB BW / 600 kHz channel. ;¢ | BERs for System Modes

* Analysis indicates AWGN
performance limits at:

— Mode A: 1536 kbps, D16PSK,
RS, 24 dB SNR

— Mode B: 768 kbps, DQPSK,
RS, 13 dB SNR

— Mode C: 384 kbps, DQPSK,
conv. 1/2, RS,
7.5 dB SNR

— Mode D: 64 kbps, DQPSK, M
DSSSx5, conv. 1/2, RS,
-0.2 dB SNR of
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RS = Reed Solomon FEC code
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N 4 OFDM Operation In

g Gorer UHF Channel #1
(D16-PSK, no FEC)

* Propagation loss = 130 dB, Cable/Misc. loss = 5 dB, Path #1 has a Rician
characteristic with a Doppler spread of 1 Hz. Path #2 has a Rayleigh
distribution with a mean path delay of 0.01 us, a loss (relative to Path #1) of 6
dB, and a Doppler spread of 10 Hz.

« Path characterized as flat fading.

Multipath Channel at a Single Frequency (Case 1) Overlay Of 200 OFDM ToneS DeteCtIOI’l Of Tone 7
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UHF Channel #2
(D16-PSK, no FEC)

* Propagation loss = 130 dB, Cable/Misc. loss =5 dB, Path #1 has a Rician
characteristic with a Doppler spread of 10 Hz. Path #2 has a Rayleigh distribution
with a mean path delay of 0.07 us, a loss (relative to Path #1) of 5 dB, and a Doppler
spread of 10 Hz. Path #3 has a Rayleigh distribution with a mean path delay of 0.80
us, a loss (relative to Path #1) of 15 dB, and a Doppler spread of 10 Hz.

« Path characterized as combination flat and selective fading.

Multipath Channel at a Single Frequency (Case 2) Overlay Of 200 OFDM ToneS
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N 4 OFDM Operation In

g Gorer UHF Channel #3
(D16-PSK, no FEC)

* Propagation loss = 130 dB, Cable/Misc. loss = 5 dB, Path #1 has a Rician
characteristic with a Doppler spread of 25 Hz. Path #2 has a Rayleigh
distribution with a mean path delay of 0.9 us, a loss (relative to Path #1) of 3
dB, and a Doppler spread of 25 Hz. Path #3 has a Rayleigh distribution with a
mean path delay of 5.1 us, a loss (relative to Path #1) of 9 dB, and a Doppler

spread of 25 Hz.
« Path characterized as selective fading.

Overlay of 200 OFDM Tones Detection of Tone 7
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\/ 4 OFDM Operation in

UHF Channels #1-3
(D16-PSK, no FEC)

without Spatial Diversity

Average Symbol Error Probabilities for Differentially Detected, Non-Coherent MPSK

with Spatial Diversity

Average Symbol Error Probabilities for Differentially Detected, Non-Coherent MPSK
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¥  Implementation of HDR LOS
Prototype Modem

= Contractor: Nova Engineering, Cincinnati, OH E“‘&ﬁ ;E“
= 6U cPCIl Modules

= Pentium Control Processor (COTS)
= CPV5000 with Ethernet Interface

= Master Demodulator (HSP Module)
= Slave Demodulator (HSP Module)
= Modulator (HSP Module)

= Packet Processor (HSP Module)

= |F Assembly Module

= Chassis (COTS)
= CPV2108 from Motorola

= Three to be delivered in Mar 99 W|th OFDM waveform
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Control Module

Specifications: CPV5000 by Motorola (COTS)
= 6U Single-Board Computer
m 233 MHz Pentium MMX Processor
= Up to 256 MB DRAM
m 512 KB Cache
= 10/100 Base-T Ethernet
= SVGA Video
= 2 USB Ports
= 2 COM Ports
= EIDE Interface
= cPCIl 2.1 Compliant
= Watch Dog Monitor

CPVSMN Block Diagram
Code D855: Signal Processing and Communication Technologies - 10/98
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Module Summary

. . T\ ¥/,
Contractor: Nova Engineering W Wiy

HSP implemented as a 6U cPCI bus board with three
DSP daughter cards (DSPU'’s).

Features:
= Sites for three DSPUs at 1600 MIP’s each.
= Integrated PCI bus interface: Tundra QSPAN chip
= Local control processor: MC68360
= J1 system 32-bit bus connection, J3 private inter-card
communications using ‘C6201 serial Ports
= EIA 530 Serial Interface controlled by MC68360

cPCI Physical Size: 233 mm x 160 mm (6U)
DSPU Physical Size: 2.5 in. x 4.0 in.
Nova will offer this assembly for sale commercially.

Code D855: Signal Processing and Communication Technologies - 10/98
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HSP 6U cPCI Module

NV

ENGINEERIMNG
il |l
CPCI J3 Connector CPCI J1 Connector
128K x 8
CLK SRAM
MC68360 PLD 85C30 DAC
128K x 8 PROM USART
EMU SRAM
| Power, McBSP, HPI | | Power, McBSP, HPI | | Power, McBSP, HPI |
EMU EMU EMU
2.5V 2.5V 2.5V
Reg. Reg, Reg.
C6201 C6201 C6201
Clock Clock Clock
Osc. Osc. Osc.

ISBSRAM ISBSRAM | [SBSRAM ISBSRAM ISBSRAM ISBSRAM

SBSRAM ISBSRAM ISBSRAM

| Expansion Bus | | Expansion Bus | Expansion Bus |
EIA 530 Connector
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Systems Center
San Diego

= Contractor: Nova Engineering NOY,

= Features:
= TMS320C6201 DSP, 128K x 32 code RAM, 256K x 32 data RAM.
= Buffered expansion connection to main HSP board.

= Allows for more
PCB area

effectively creating
two planes for
circuitry.

= Separate DSPU
card simplifies

iiiii

TMS320C6201

d e b u g g i n g taS k Interrupts =
and eases
manufacturing and

I Suppy—gm
testing.

to HSP PCB

Code D855: Signal Processing and Communication Technologies - 10/98



SPAWAR

N 4
HSP 6U cPCIl Module

Mechanical Diagram

NOV.

ENGINEERING

Max Comp. Height

CPCI Connector 2.5 Bd-Bd Clearance

ISnter-bogrd Component __6.91

eparation —

Planes N2 V2
________________________ 4.07

Bd-Bd Conn.
Lower Shield PCB Thickness

1.6 (0.062)
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IF Module Summary
Dual Diversity Receiver - provides improved performance in presence
of multipath

= Each IF Assembly has 2 complete Rx channels and 1 Tx channel

Supports 9 different Channel Bandwidths
= 2.0 MHz, 1.8 MHz, 1.2 MHz, 1.0 MHz, 600 kHz, 225 kHz, 200 kHz, 50
kHz, 25 kHz

Bandpass Sampling
= 12-bits @ 25Msps
= filtering, decimation, and interpolation all implemented in
reprogrammable PLDs (Altera 10K100) using VHDL

Digital Frequency Conversion - eliminates problems associated with
analog conversion
= |/Q phase imbalance, DC offset, component tolerance, temperature
variation, aging, calibration
Standard Interfaces
= Integrated cPCI Interface, 70MHz IF
Additional Features
= Test modes include Rx-Tx loopback, two tone Tx output
= Fast attack AGC with track and hold modes
= Digitally monitored RSSI
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Systems Center
San Diego

IF Module

Block Diagram

Control
Baseband Rx
Tune
NCO Digital Data
70MHz 50.688Mbp's
RXIF e
70 MHz 12 ® \ Serial| ——» RxData
SAW G Al D <‘ 12 F'/O” —— RxClk
II'F
l PLD D— ——» Rx Strobe
Level PLD
petector| CK EPROM [ EPROM
Track/ Hold —T
Control
Baseband Rx
Tune —» NCO Digital Data
2OMHz 50.688Mbps
RX IF v
12 1] ——» RxData
70 MHz 12 ® N Serial
SAW A/ D <‘ 12 Port | ——» Rx Clk
\V/ I PLD X D; VF ——> Rx Strobe
Level
betector|  CK EPROM |-»{ EPROM PLD
Track/ Hold —T
Control
Baseband Tx T
Digital Data une NCOo
50.688Mbps
Tx Data serial| 12 I: ,® 12 Low Pass Band Pass
TxClk < Port 12 @7 D/ A Reconstruction Image Rejection
I/ F N Filter Filter
Tx Strobe PLD
6.032 MHz 70 MHz
PO [Eronp{Eron]
EPROM - EPROM Clk
[Erron}»{Evrou] [
Oscillator
76.032 MHz
— Tune
PCI Control .
cPCI Bus 4—b¥ > ontrot Control (data rate, phase inv., etc.)
Interface Processor

[— Track/ Hold
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Software Development
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Modem System Signal Flow

User

'

802.3 RS232

Control
Processor

t

cPCl Bus

— — — _>
Transmit Signal

Key

Receive Signal

>

Slave
Demodulator
(HSP)

SPI DSPA  SPI [

492 Mbps

Packet aul Master
Processor Modulator Demodulator
(HSP) (HSP) (HSP)
144 KWps 12.4 Mbps
— —»| HPI DSPA SPI [— —® s DSPA sPI [T — sPl DSPA  spI
Vd
| 49.2 Mbps
4.6 Mbps| — —S0.7Mbps J <J
' SPI DSPB  SPI [«— | — spi DSPB  sp
37.2 Mbps
144 KWp! 4J | sPI 4—’
] HPI  DSPC SPI U sp pspc  spi[— | spi DSPC
| SPI
12.4 Mbps | ]
L —  _so7Mops .
Y
Synchronous
Uart DTE
—ES530 (Fireberd,
TDM MUX,
router, etc.)
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S@;AR
=z MOdem System Control Flow

CPA PPA MA MDA SDA IFA
Pentium
—p{ HPI | DSP A —p{ HPI | DSP A —p»{ HPI | DSP A —| HPI | DSP A
HDR | HPI | DSP B | HPI | DSP B | HPI | DSP B | HPI | DSP B
Processes IF Processing
Elements
| P | DSP C | HPI DSP C - P | DSP C | 1P | DSP C
cPCI
Protocol
Handler
cPCI cPCI cPCI cPCI IFA Assy
A | Interface | Interface 1 Interface | Interface Controlle}
cPCI Phy. Intf Processor Processor Processor Processor
cPCI Bus
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Systems Center
San Diego

CSCI Level Functional Allocation

HDR
System
?(/antterg Prpoicelfsestor M Oéj;?lmr
Ccscl Ccscl
Der’\:g;ﬁ;mr Dernstlli!‘ﬁator IFAC(;((J:r}trol Plitle??anc:m
CscCl Ccscl cscl

System Packet Master Slave cPCI Control

CScCl Control Processor |Modulator Demod Demod IFA Control [Interface
All except
Control

Control Processor
Phy. Processor & Ext Intf
Resource [Assy. HSPA HSPA HSPA HSPA IFA Assy. |Assy.

Tx Packet
Proc., Ext. Tx Freq. & |Tx Freg. &

Ext. Data I/O|Data /O TX Timing Timing IFA Assy. |cPCl/Host
Function Mgmt. Mgmt Modulation |[Recovery [Recovery |[Controller Control

Sys. Cntl

User Rx Packet |Tx Signal Rx Signal Rx Signal
Function Interface Proc. Preproc. Demod Demod
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System Control CSCI

Decomposition

System
Control
CSClI
RX PPDU Tx PPDU System
Processor Processor Igt?err]ftezgle
CcsC CcscC csc
System
CSsC RxPPDU TxPPDU Control Ul
Control Control Control
Phy. Processor |Processor |JProcessor
Resource Assy. CPU |Assy. CPU JAssy. CPU
Sys. Cntl
Packetize / |Packetize / JUser
Function DePacketize |DePacketize]Interface
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Packet Processor CSCI
Decomposition

Packet
Processor
CSClI
TX Packet RX Packet RX Packet PCI
Processor Decoder Processor Interface
CSC CSC CSC Control CSC
Tx Packet Rx Packet Rx Packet cPCI Control
CSsC Processor |Processor |Decode Interface
cPCI Bus
Phy. Interface
Resource DSP A DSP C DSP B Proc
Trans mit cPCI/HSPA
Packet Ext. Data I/O|Tx Packet Interface
Function Processing |Mgmt. Proc. Control
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’ Modulator CSCI Decomposition

San Diego

Modulator
CSCl
TX Amplifier PCI Control
TX Modulator Preprocessor Interface
CcsC CsC CcsC
Tx Rx Packet |cPCI Control
CSsC Modulator Processor |Interface
———— |
cPCIl Bus
Phy. Interface
Resource DSP A DSP C Proc
Transmit Transmit cPCI/HSPA
data signal Interface
Function modulation |preproc Control
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Master Demodulator CSCI
Decomposition

Demodulator
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CSCI
RX Freq & RX Symbol
oot s e
CSsC CsC
Rx Freq. & Rx Sym.
Timing Decoder & |cPCIControl
CsC Recovery Rx Demod. |Combiner Interface
cPCIBus
Phy. Interface
Resource DSP A DSP B DSPC Proc
Receive
signal OFDM
frequency |Receive symbol cPCI/HSPA
& timing signal decoder & [|Interface
Function recovery demod. combiner Control
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Slave Demodulator CSCI

Decomposition

Demodulator

CSClI
R);i:;g& RX PClI Control
Recovery Demgglcj:lator Intgrsfgce
CSC
Rx Freq. &
Timing cPCI Control
CsC Recovery Rx Demod. |Interface
- | | [cpciBus |
Phy. Interface
Resource DSP A DSP B Proc
Receive
signal
frequency |Receive cPCI/HSPA
& timing signal Interface
Function recovery demod. Control
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Initial Algorithm Design

Phase

DSP Algorithm Development
Process

Implem entation
Test & Refinement Phase

Define Algorithm
Requirements

Generation of data
flow descriptions &
interfaces

Simulate algorithm
using MATLAB/C
Code

Convert MATLAB/C
model to realtime C
code

Debug & Test C code
implementation

Efficient Yes
Enough?

—' Refine C code ‘

Debug & Test C code
implementation

Efficient
Enough?

Optimize C
more?

Write linear assem bly

Optimize assembly
code

‘ Debug & Test ‘

Efficient
Enough?
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Systems Center

snoee - w DSP Processor Software

m TMS320C6201(TI DSP)
m Tl C Compiler, Assembler, Linker
m Tl Source Debugger, Code Composer
m White Mountain 510 Emulator

= MC68360 (Motorola Communications Controller)
m MicroTek C Compiler, Assembler, Linker
m MicroTek Source Debugger

PLD Software

= Altera 10K100A-1
m Altera MaxPlus Il (VHDL, Design, Simulation, Place & Route)

Other

= Windows NT Software
m Microsoft Developer Studio
m Microsoft Visual C++
= Configuration Control Software
m Microsoft Visual SourceSafe
m Premia Codewrite 5.0
= Simulation Tools
m MathWorks MATLAB

_ m Metroworks CodeWarrior
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- ~HDR LOS Modem Status

o (as of Oct 98)

Miteq o
Upconverter [ —_—si NOTE: Initially, the modulator
H £ =11 and demodulators will be
Miteq / E implemented on
Downconverter £ | separate HSP Modules, but
/ £ - later all modem functionality will
Miteq g be migrated to a single HSP
Downconverter Module.
- i N -
Daughter Card (DSPU) for HSP /
= hardware 100% completed - Sept 98
= software drivers - Oct 98 (Firzggrd. Q
TDM MUX,
=  OFDM modem software - Jan 99 router, etc.) Monitor
HSP Module
= hardware 100% completed - Oct 98 TMS320C6201 Bench rﬁz;a[(ds“""“se

= software drivers, I/O - Nov 98
= CPCIl interface software - Nov 98

IF Module

= hardware 100% completed - Aug 98
= Start performance testing - Oct 98
= Complete testing - Dec 98

= 100% complete
= FFT processing with Full Speed Serial I/0

OFDM Waveform

= 95% complete - simulation and
documentation for 600 KHz modes

= Additional modem features - Feb 99

: . L _ = Testing - March 99
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